The paucity of Phanerozoic rock sequences in the Proterozoic Mt Isa and Murphy Inliers in northern Australia renders it difficult to determine their Phanerozoic tectonic histories. However, thermochronological methods provide a means to assess this problem. Apatite fission track ages vary from 390 to 218 Ma, and mean track lengths range between 11.1 and 13.6 mm. These results record a non-linear cooling history below about 110 + 108C. Forward modelling of the fission track data suggests that the first episode of relatively rapid cooling since the Early Carboniferous occurred between ca 350 and 250 Ma at rates of *0.98C/million years and was synchronous with intracontinental deformation associated with the Alice Springs Orogeny and tectonics at the contemporaneous eastern margin of Australia. This event resulted in 2 km of exhumation across both inliers. Cooling rates also increased after 100 Ma, although estimates of the amount of cooling and exhumation across trhe inliers obtained by forward modelling of the fission track data exceed those determined by constraints provided by the 40 Ar/ 39 Ar ages of weathering profiles. This observation adds to the growing amount of evidence that the fission track annealing model employed overestimates cooling rates at low temperatures (560 -708C). The spatial variation of apatite fission track data within the Mt Isa Inlier indicates the three major structural belts, the Western Fold Belt, Kalkadoon -Leichhardt Belt and the Eastern Fold Belt, which are separated by major north -south faults, experienced similar thermal histories on a regional scale. This suggests that the main faults bounding the belts have not experienced major reactivation in a vertical sense, as a single large-scale fault plane, since ca 350 Ma. However, adjacent smaller scale, faultbounded blocks within the structural belts demonstrate variable cooling histories, suggesting that reactivation of favourably oriented minor faults in the inlier, including segments of the major faults, has occurred over this time interval. Variations in apatite fission track data show that up to 1.5 km of vertical displacement occurred along parts of the Mt Isa Fault Zone and the Pilgrim Fault between 350 and 250 Ma.
INTRODUCTION

Palaeoproterozoic -Mesoproterozoic rocks of the Mt Isa and Murphy Inliers in northwest Queensland
) experienced numerous, well-documented tectonic, deformation and mineralisation events between ca 1900 and 1500 Ma (Ahmad & Wygralak 1989; Stewart & Blake 1992; O'Dea et al. 1997b) . These events resulted in a complex juxtaposition of fault blocks with varying metamorphic grade, intensity of deformation and age. However, relatively little is known about the post-1500 Ma thermotectonic history of these rocks, including the influence of Phanerozoic intraplate and platemargin tectonic events on the north Australian Proterozoic blocks.
Lithospheric-scale tectonic events, such as plate realignments, alter the magnitude and direction of stress vectors within continental plates. Stress-field reorganisation may reactivate pre-existing faults or generate new faults, depending on the orientation and strength of older faults (White et al. 1986; Etheridge et al. 1991) . Reactivation of the crust with a vertical component of movement, for example transpressional and transtensional fault zones, will cause a change in the thermal regime of those structural blocks, especially after erosion.
Prior to the initial thermochronological studies of the Mt Isa Inlier (Spikings et al. 1997; Spikings 1998) , it was generally assumed that the inlier was cratonised by the end of the Isan Orogeny (ca 1500 Ma) and subsequently evolved at geological rates that were considered typical for cratonic regions (e.g. exhumation at rates of 0.1 -0.2 m/million years: Fairbridge & Finkl 1980) . The aim of this contribution is to present new apatite fission track results from the Mt Isa and Murphy Inliers, as well as summarise previously published data from the Mt Isa Inlier that reveal aspects of the Phanerozoic thermal, exhumation and tectonic history. Apatite fission track analysis allows an assessment of the timing, magnitude and duration of thermal events, and cooling of rocks in the upper part of the crust (at temperatures between *60 and 1108C: Green et al. 1986) . The timing and amount of cooling and heating of a rock mass, as determined from fission track data, can then be used to constrain the rates of the responsible geological processes.
APATITE FISSION TRACK ANALYSIS
Fission tracks are linear, amorphous defects, which accumulate with time in the apatite lattice via the firstorder decay of 238 U nuclei by spontaneous fission (Silk & Barnes 1959) . Therefore, the density of spontaneous fission tracks in a crystal is related to the fission track age of that crystal. Fission tracks are metastable and recrystallise, otherwise referred to as annealing, under certain temperature conditions, which vary according to the apatite composition O'Sullivan & Parish 1995) . Therefore, the annealing characteristics of fission tracks, and hence the fission track age of apatite grains, is a function of the thermal history and the chemical composition of that grain (Green et al. , 1989 . Annealing of the fission tracks results in a reduction of their lengths, which in turn relates to changes in track density and hence the effective fission track age.
Common apatite has the general composition Ca 10 (PO 4 ) 6 (Cl,F,OH) 2 , and the structure of the apatite lattice is a function of the proportion of halogens present (Elliot et al. 1973; Hughes et al. 1990 ), which in turn affects the annealing kinetics of fission tracks. It is generally accepted that chlorine-rich apatites are more resistant to annealing than fluorine-rich apatites so that the total annealing temperatures for chlorapatite are greater than those for fluoroapatite Carlson & Donelick 1993) . The annealing kinetics of the Durango apatite standard (*0.43 wt% Cl) were described by Laslett et al. (1987) and the temperature range over which most annealing occurs for Durango apatite (apatite partial annealing zone) is between about 60 and 1108C for heating times of *10 7 y. The magnitude of the relative variation in temperature sensitivity for commonly occurring apatite compositions (53 wt% Cl) is *10 -208C, but larger variations result from pure Cl and F end-members (Green 1996; Kohn & Foster 1996) . While compositional variations may amplify and diminish the quantity of cooling and heating experienced relative to fluoroapatite, they are considered relatively minor for the determination of the regional thermal history. Unannealed, spontaneous fission track lengths in apatite range between 14.5 and 15.5 mm, and hence samples which have mean track lengths in this range, coupled with a narrow track length distribution, have experienced temperatures 5*608C for a very large proportion of time since the time indicated by the fission track age . Shorter mean track lengths and broader length distributions develop during more complex thermal histories, during which samples spend a significant proportion of time in the apatite partial annealing zone relative to their apatite fission track age. In order to try and understand complex fission track length distributions, fission track length and age data can be compared with synthetically generated fission track data (Gallagher 1995) to generate plausible temperature -time history confidence envelopes. The envelopes are useful for identifying periods of accelerated cooling and heating that can then be placed into a geological context.
RESULTS
One hundred and eighty-three samples of Palaeoproterozoic -Mesoproterozoic crystalline rocks from the surface of the Mt Isa and Murphy inliers were sampled for apatite fission track analysis (Figure 1 ). Following mineral separation and analysis, 91 of these samples yielded apatite fission track data (Table 1*); 70 samples from this dataset are presented in Spikings et al. (1997) , where the analytical procedures used are also described. The spatial density of data is highly variable, being greatest in the regions of the large batholiths and lowest in regions where metasedimentary rocks are exposed (e.g. the Lawn Hill Platform and the Leichhardt River Fault Trough: Figure 1 ). Lithological, stratigraphic and location information, as well as detailed track density and track length measurements are provided in tables in Spikings et al. (1997) and Spikings (1998) .
The fission track data from the Mt Isa and Murphy inliers are indistinguishable (Figures 1, 2) . Collectively, the apparent apatite fission track ages from both regions range between 390 and 218 Ma, mean fission track lengths range between 11.1 and 13.6 mm, and fission track length standard deviations range between 1.1 and 2.6 mm, reflecting broad length distributions. Every sample contains a significant percentage of fission tracks that are shorter than *14.5 mm (i.e. a majority of the tracks have been partially annealed to varying degrees: Figure 2 ) suggesting that these samples have experienced temperatures in excess of *608C but 5 1108C for a large proportion of time relative to their fission track age. Consequently, the fission track ages in this study do not directly record a specific cooling event but are diagnostic of a potentially complex thermal history characterised by relatively slow rates of temperature change at temperatures less than *1108C.
Apatite fission track ages do not show any systematic variation over the study region and lack geographical groupings of similar apparent age (Figure 1 ) or mean track length. For instance, no obvious differences in the fission track age and length data are observed between the Western Fold Belt, Kalkadoon -Leichhardt Belt and the Eastern Fold Belt, with the exception of one distinctly older apparent age of *390 Ma in the Kalkadoon -Leichhardt Belt (Figures 1, 2) . However, within each main fold belt, fission track ages and mean lengths show significant variation, suggesting that local age variations are more significant than any regional variations that might be revealed by a denser dataset. Spikings et al. (1997) presented the results of microprobe analysis of the chlorine concentration in apatite crystals and concluded from these that the variation in apatite fission track ages is not solely due to differences in chlorine composition but has mainly been influenced by their thermal histories. However, the apatite chlorine content does vary at smaller scales within the inlier (0.01 -0.80 wt% Cl), which may accentuate or diminish the apparent differences in the thermal histories of the fault blocks.
Samples were collected perpendicular to the main faults along the Australian Geological Survey Organisation-Australian Geodynamic Co-operative Research Centre 1994 seismic traverse in order to analyse this variation in greater detail (Figure 1 ). The most significant local geographic trends are summarised below.
Sybella Batholith
The multiphase Sybella Batholith is restricted to the west of the inlier (Figure 1 Apatite fission track ages from the Sybella Batholith vary by *100 million years and appear random on a regional scale. However, samples analysed along the seismic traverse, which intersects the Sybella Batholith (Figure 1 ), yield older apatite fission track ages (ca 330 -300 Ma) from the western exposure of the batholith (within 1s error) than those from the eastern side (240 -230 Ma). The older apatite fission track ages from the western Sybella Batholith are indistinguishable from the region to the west of the exposed batholith.
Leichhardt River Fault Trough
The Leichhardt River Fault Trough is characterised by thick ( 
Kalkadoon -Leichhardt Belt
The Kalkadoon -Leichhardt Belt is composed of a sequence of basement rocks that are dominated by the Kalkadoon Batholith (crystallisation ages ranging from 1870 to 1840 Ma: Wyborn & Page 1983) and the Leichhardt Volcanics (1870 -1850 Ma: Page 1988 and is bounded to the west by the north -south-trending Quilalar Fault and to the east by the Pilgrim Fault Zone (Figure 1 ). Granites from the westernmost part of the KalkadoonLeichhardt Belt yield apatite fission track ages, which vary between 310 and 240 Ma, and the ages gradually increase from 240 + 23 Ma to 343 + 43 Ma in the central part of this belt. Samples were analysed across the Fountain Range Fault and the Pilgrim Fault, although no significant variation in the apatite fission track data was found.
Eastern Fold Belt
The Eastern Fold Belt is composed of supracrustal rocks that were laid down during a long-lived Mesoproterozoic period of extensional and basin formation (Betts et al. 
INTERPRETATION
The partially annealed nature of the fission tracks (all track lengths are shorter than 14.5 mm, regardless of their fission track age: Figure 2) suggests that the apatite fission track record in these rocks does not record a distinct cooling event. Rather, the intermediate track lengths in the samples are interpreted to indicate that rocks presently exposed in the Mt Isa Inlier spent a significant amount of time in the apatite partial annealing zone relative to their fission track age. Had they resided at temperatures 5 608C for a long period of time relative to their fission track age, a high proportion of unannealed fission tracks would be observed, and this would be reflected in a peak of longer track lengths.
The entire dataset has been modelled following the approach described by Gallagher (1995) , in order to quantify the timing and amount of cooling of the present surface. Several different quantitative descriptions of apatite annealing exist (Carlson 1990; Crowley et al. 1991) , although a majority of other fission track studies from the Australian Plate O'Sullivan et al. 1998) have used the kinetic description of Laslett et al. (1987) , and therefore the same description has been used in this study in order to facilitate comparisons between the datasets from different regions.
The modelling procedure used predicts fission track parameters for various thermal history paths and compares them with the observed fission track age and length data. The procedure uses a genetic algorithm (employing a Monte Carlo search method) that is 'self learning' and eventually produces potential thermalhistory solutions that closely match the observed fission track parameters. The modelling starts from an initial generation of random thermal histories. The thermal histories are tested for the closeness of fit of their apatite fission track parameters with the observed apatite fission track parameters. New thermal histories are then generated in similar T -t space to the previous generation, tested for closeness of fit to the observed apatite fission track parameters, then discarded or added to the continuing generation. As the number of solutions in each generation remains constant (set to 250 in this study), the average quality of fit of the predicted and observed apatite fission track parameters increases. The average quality of fit of each successive generation will converge towards a particular thermal history that most closely matches the observed apatite fission track parameters. However, fission track annealing is a function of the integrated temperature, so that large changes in temperature at one point in time can be compensated for by opposite changes in temperature at other times without greatly changing the predicted fission track results (Willett 1997) . Therefore, it must be stressed that a particular thermal-history solution may not be unique to the apatite fission track parameters, and each possible thermal history deduced in this manner should be qualified by other geological data if available. Additionally, it is more valid to consider a group of thermal-history solutions (resulting in an envelope of potential solutions: Figure 3 ) that fit the observed apatite fission track parameters within the limits of statistical acceptance, and as many geological parameters as possible, rather than a single solution.
The modelled thermal histories start at temperatures of 1108C (although they have been linearly extrapolated to 1308C for those samples with younger apatite fission track ages, i.e. 5 300 Ma) where fission tracks in apatite totally anneal over a time span of approximately 10 7 y (Green et al. 1989) , and finish at the present-day surface (208C). The model is unbiased with the only fixed point in the T -t space being the present-day condition. An unannealed track length in apatite was selected to be 15.5 mm. This value was selected, as it approximates the longest mean track length measured by R. A. Spikings of the geological age standards used to calibrate the fission track dating method.
Each sample yielded a similar thermal history, and a single T -t envelope can be used to summarise the most likely thermal paths of all the modelled samples ( Figure 3 ). Currently exposed rocks in each structural belt experienced increased cooling rates at some time between ca 350 and 250 Ma (Figures 3, 4 ) from temperatures between *908C and 4 1108C to *50 -758C of up to *0.98C/million years. T -t histories for rocks at temperatures 4 *1108C cannot be constrained by apatite fission track analysis. However, the modelling suggests that samples with apatite fission track ages 5 300 Ma (e.g. east of the Cloncurry Fault, northern KalkadoonLeichhardt Belt, May Downs Granite: Figure 1 ) must have been hotter than 1108C prior to Palaeozoic cooling and are located in fault blocks, which probably cooled at the highest rates. A lack of dated CarboniferousPermian igneous rocks, metamorphism or mineralisation events in the Mt Isa Inlier suggests that contemporaneous geothermal gradients varied by less than +108C. Therefore, it is likely that most of the cooling recorded by the apatite fission track data was a result of erosional exhumation at average rates of *0.045 km/million years (assuming a geothermal gradient of 208C/km : Cull 1982) .
The proposed T -t paths during Late Permian to midCretaceous time suggest that the present surface of the study region resided in the low-temperature region of the apatite partial annealing zone (50 -758C) following Late Palaeozoic cooling (Figure 3 ). This is reflected by the partially annealed nature of the fission tracks. The Laslett et al. (1987) model predicts that since the midCretaceous, all of the samples cooled at average elevated rates of *0.48C/million years (corresponding to an erosional exhumation rate of 0.02 km/million years) to temperatures 5*608C where the rate of apatite fission track annealing drops significantly. However, the quantitative annealing model of Laslett et al. (1987) underestimates track annealing at these low temperatures (Vrolijk et al. 1992) , which results in an overestimate of the cooling rates. Alternatively, 40 Ar/ 39 Ar analysis of supergene, secondary manganese bearing minerals by Vasconcelos (1999 Vasconcelos ( , 2000 , demonstrates that large areas of the present surface of the Mt. Isa Inlier have been exposed to chemical weathering for a minimum of *70 million years. On this basis, Vasconcelos (1999 Vasconcelos ( , 2000 has derived exhumation rates of 2 -4 m/million years, assuming that weathering typically penetrates to *100 -200 m below the surface. These rates are significantly less than those predicted from the Laslett et al. (1987) track annealing model, and it is therefore likely that the present surface has been cooler than *408C since ca 70 Ma (Figure 3 ).
INTRA-PROVINCE ANALYSIS
All regions in the Mt Isa and Murphy inliers experienced cooling, driven by exhumation, during the same broad periods. However, the variation in the fission track data between samples reflects differences in the rates and depths of cooling and exhumation between fault blocks.
Interpolating between the thermal envelopes from all of the samples generated using the Laslett et al. (Figure 4) . The interpolations can only be considered as true at the location of the sample points, and due to the structural complexity of the inlier, it is likely that the trends would change with the addition of extra data points. However, on the basis of the current dataset, it is clear that with the exception of a few hotter regions in the central Kalkadoon -Leichhardt Belt, the temperature of the present surface at 140 and 250 Ma was broadly similar. However, significant regional-scale cooling occurred between 350 and 250 Ma and, according to the Laslett et al. (1987) model, also at some time after 140 Ma and prior to ca 70 Ma. Considering the cratonic setting of the regions, it is likely that the cooling recorded by the apatite fission track data can be attributed to the exhumation of these rocks towards the surface by erosion. Figure 5 presents the results of interpolating the depths of the present surface as they cooled at various times through an assumed geothermal gradient of 208C/km (Cull 1982) . The diagrams clearly illustrate the amount of exhumation that occurred across the region during the Carboniferous and post-midCretaceous period. Similar crustal depths are also indicated at ca 140 Ma and ca 250 Ma, suggesting that a period of tectonic stability prevailed between the Late Permian to Early Cretaceous. The amount of cooling estimated here by the Laslett et al. (1987) model prior to 70 Ma may be underestimated and was probably greater in order to bring the rocks to a shallower depth that was within the range of chemical weathering processes (Vasconcelos 1999 (Vasconcelos , 2000 ).
Significant differences in the temperatures of the present-day surface of up to *208C are indicated in each of the time slices (350, 250, 140 and 70 Ma) . Assuming that cooling in all sampled regions was a result of erosional exhumation, these spatial temperature differences suggest that different regions of the inlier were at different depths at any given time and hence have been exhumed by different amounts since 350 Ma. In this work, we have had to assume that the geothermal gradient was uniform across the study area and hence those regions that cooled the most experienced the greatest amounts of exhumation ( Figure 5 ). However, spatial fluctuations in the geothermal gradient through time may reduce or increase the amount of exhumation required in order to account for the amount of cooling recorded in the fission track dataset.
The variations in temperature and depth across the province with time do not follow the entire extent of the main fold-belt bounding faults (i. 
DISCUSSION
Correlations with field observations
The apatite fission track results reveal a more detailed erosional history compared with previous work (Twidale 1956) . Figure 6 illustrates a comparison between Twidale's (1956) interpretation of the evolution of the landscape and this investigation. 1:100 000 geological maps. The absence of sedimentary rocks between the Cambrian and Cretaceous periods precludes any possible identification of a Carboniferous erosional event, and therefore it is not surprising that such an event was not identified by Twidale (1956) .
Sedimentological studies (Smart 1972) suggest that the Boomarra Horst Proterozoic basement feature (Figure 1 ) in the northeastern inlier was reactivated, uplifted and exhumed before or in Early Mesozoic time and the horst persisted as a basement ridge throughout Mesozoic time. These observations corroborate the fission track data, which reveal that uplift and erosion probably occurred in the Late Palaeozoic and the Late Cretaceous.
Despite the lack of direct field evidence for Carboniferous -Permian erosion across the Mt Isa Inlier, supporting evidence can be found in the adjacent Neoproterozoic -Early Palaeozoic Georgina Basin to the west (Figure 1) . Geological mapping by Harrison (1980) in the region of the Toomba Fault, southern Georgina Basin, adjacent to the Mt Isa Inlier (Figure 1) , revealed up to 6.5 km vertical displacement during the Palaeozoic on the basis of preserved Palaeozoic rocks adjacent to the fault. Harrison (1980) suggested that a component of the displacement might have resulted from Alice Springs tectonism.
The presence of a supposed mid-Cretaceous erosional surface, preserved on mid-Cretaceous sedimentary rocks with thicknesses of 5 200 m in mesa outliers, led Twidale (1956) to suggest an episode of post-midCretaceous uplift and erosion, which is consistent with the interpretation of the fission track data derived using the Laslett et al. (1987) model. However, it is relevant to note that the Laslett et al. (1987) model does not predict any significant heating ( 5 308C within the bounds of the 95% confidence interval of the thermal history envelope) of the basement during burial by Lower Cretaceous rocks. This implies that the Cretaceous rocks did not accumulate to thicknesses in excess of *1 -1.3 km in the region of the analysed samples.
Outside the Mt Isa Inlier, evidence for midCretaceous and more recent periods of erosion come from geological mapping of the Karumba Basin in the region of the Gulf of Carpentaria, north of the inlier (Figure 1) . Doutch (1976) suggested that the Karumba Basin developed in response to the separation of Australia and Antarctica during the mid-Cretaceous. The timing is coincidental with widespread postCenomanian tilting and erosion of the Carpentaria and Eromanga Basins (Grimes 1980; Smart & Senior 1980) . This event and subsequent plate-margin events along the northern margin generated highland sedimentary sources and depocentres for the growth of the Karumba Basin, the Mt Isa Inlier being a sedimentary source. Periods of landscape rejuvenation of the Mt Isa Inlier and other source areas, supplying sediment to the Karumba Basin occurred during the Eocene -Miocene, Pliocene, and more recently the Pleistocene (Doutch 1976) . These events are probably related to the collision between the Indo-Australia and Pacific Plates at the northeastern Australian boundary. However, the apatite fission track technique does not provide sufficient resolution within the temperature range that the current surface rocks have resided at since the Eocene (5608C) to identify each period of exhumation.
Driving forces during Carboniferous -Permian exhumation
The cooling episode revealed by the apatite fission track data is most likely the result of exhumation driven by changes in base-level and regional uplift, and was synchronous with tectonism focused elsewhere in the Australian Plate.
Throughout the Arunta Inlier and the Mt Isa Inlier (Figure 1 ), many metamorphic rocks preserve Proterozoic foliations and peak metamorphic assemblages and exhibit no textural evidence of later shearing or retrogression. However, radiogenic ages ranging between ca 400 and 270 Ma (Rb -Sr, 40 Ar/ 39 Ar, K/Ar, fission track) are commonly obtained from the Arunta Inlier, and are attributed to shearing, uplift and cooling of basement rocks during the intraplate, Carboniferous Alice Springs Orogeny (Cooper et al. 1988; Tingate 1990; Shaw & Black 1991; Shaw et al. 1992; Dunlap & Teyssier 1995; Dunlap 1996) . The large range in ages has been interpreted to be the result of either cooling following a thermal pulse (*3008C over a period of *10 6 y) in the Late Palaeozoic (Shaw et al. 1984) or very slow cooling (0.18C/million years) followed by rapid cooling during crustal uplift and erosion of *7 -12 km at a rate of approximately 108C/million years (Shaw et al. 1992 , assuming a geothermal gradient of 258C/km). Approximately 65 -85 km of Late Palaeozoic north over south crustal shortening occurred in the southeastern Arunta Block (Teyssier 1985; Dunlap 1996) . This was probably accommodated by progressive exhumation of an upthrust wedge, which cooled at rates of *108C/million years (corresponding to an exhumation rate of *0.4 km/million years assuming a geothermal gradient of 258C/km: Shaw et al. 1992 ). This rate is low for an evolving thrust belt compared with plate-margin orogens such as the Alps and the Himalayas ( The driving force for the Alice Springs Orogeny was probably an unusually high compressive-stress field (Shaw et al. 1992) , and several intraplate stress mechanisms have been proposed (Shaw & Black 1991; Hand et al. 1997) . Stress in the continental elastic lithosphere may be related to collisional orogenic activity at the plate margins of Gondwana throughout the latest Devonian and Carboniferous (Teyssier 1985) . Large intraplate, horizontal movements can occur at a considerable distance from the cause of compressive forces. For example, large-scale strike-slip movements and intraplate shortening in the Tian Shan developed in the Eurasian Plate as a response to the India -Eurasia collision (Tapponnier et al. 1986 ). Burchfiel (1980) proposed that the Colorado -Wyoming structural province might be related to shallow subduction of oceanic lithosphere 1000 km distant from the province. Li et al. (1989) documented palaeomagnetic overprinting of the synorogenic Carboniferous Mt Eclipse Sandstone in the Ngalia Basin (Figure 1 ) and suggested that thermal/fluid overprinting was widespread in Australia and peaked at a time estimated to be 320 + 10 Ma. This time period correlates with the Alice Springs Orogeny and also with the rapid southward translation of Gondwana between ca 350 and 320 Ma resulting in a proposed collision as early as the midCarboniferous between Laurentia and Gondwana to form Pangea (Powell 1984) . Pre-existing east -westtrending structures in the Arunta Block may have been orthogonal to a north -south-directed stress field (Braun et al. 1991) and hence accommodated a large component of the stress, resulting in the Alice Springs Orogen. Additionally, the same stress field may have been the driving force for the reactivation of currently buried basement faults that were obliquely aligned against the principal stress vector. For example, the reactivation of faults in the basement of the Georgina Basin (Harrison 1980) (Figure 1 ) occurred during the Carboniferous. Therefore, it is plausible to suggest that major crustal structures such as the Diamantina Lineament and the Pilgrim and Mt Isa Faults (which may intersect the Diamantina Lineament and other structures that propagate into the basement of the Georgina Basin: Figure 1) were reactivated under the same stress regime. Mesozoic sediments of the Great Artesian Basin bury the Diamantina Lineament and hence mask any evidence of Carboniferous displacement. Apatite fission track work by O'Sullivan et al. (1998) on the Darling River Lineament (southern extent of the Tasman Line: Figure 1 ) suggests that it was reactivated during the Late Palaeozoic (see also Mitchell et al. 1998) , although it is difficult to assess the structural relationship between the Diamantina and Darling River Lineaments. Alternatively, Lambeck et al. (1984) and Neil and Houseman (1999) described isostatically driven horizontal compressive forces in the crust as a result of gravity imbalances in the viscoelastic lithosphere, which may give rise to intraplate orogenic events.
Carboniferous Despite the lack of evidence for major deformation associated with the Alice Springs Orogeny in the Mt Isa and Murphy Inliers, we propose that the increased rates of Late Palaeozoic exhumation recorded at that time by the apatite fission track results are attributed to intracratonic stresses associated with the Alice Springs Orogeny. Assuming that the maximum compressive stress was oriented northsouth, the lack of Carboniferous deformation in these regions may be due to the paucity of major preexisting east -west-trending structures. Major eastwest-trending features in the Arunta Block (e.g. the Redbank Thrust Zone: Figure 1 ) were reactivated and cooled the most during the Carboniferous (Shaw & Black 1991) . Propagation of the stress field through other areas did not result in orogenesis in the Mt Isa and Murphy Inliers but rather increased rates of exhumation resulting in the removal of *3 -4 km of crust as compared with 412 km of crust in the Arunta Block.
Driving forces during post-mid-Cretaceous and Tertiary exhumation
The inaccuracy of the Laslett et al. (1987) track annealing model at temperatures 5 *608C renders it difficult to quantify the Cretaceous cooling history of the study area accurately. Sedimentological evidence suggests that the Precambrian basement rocks and possibly the surrounding Mesozoic basins in northeastern Australia have been uplifted since ca 100 Ma, which corroborates with the thermal history envelopes obtained using the Laslett et al. (1987) model. However, 40 Ar/
39
Ar dating of supergene minerals suggests that the Laslett et al. (1987) model generates exaggerated predictions of the amount of exhumation (see also Vrolijk et al. 1992) , and significant parts of the landscape may have been stable since ca 70 Ma (Vasconcelos 1999) .
In comparison, apatite fission track ages from the Precambrian Georgetown Inlier (Figure 1) show a larger spread of ages, containing a significant proportion of samples with ages 5 200 Ma (Figure 2 ). Increased Late Cretaceous cooling rates (of *0.68C/ million years) in the Georgetown Inlier (Spikings et al. 2001 ) may relate to the proximity of the Georgetown Inlier to the eastern Australian margin, which experienced collisional tectonics between ca 140 and 90 Ma (Jones & Veevers 1983) . Since 90 Ma, the continental margin has migrated eastwards, resulting in the opening of the Coral Sea (Veevers 1991) and this has probably been accompanied by increased rates of exhumation onshore. However, no conclusive evidence exists to suggest a temporal link between exhumation in the Mt Isa and Murphy Inliers in response to the opening of the Coral Sea.
CONCLUSIONS
1. The thermal history of the Mt. Isa and Murphy Inliers below *1108C reveals a post-mid-Carboniferous record of intracratonic reactivation in southeastern Gondwana and its subsequent breakup.
2. The greatest amount of cooling recorded by the apatite fission track data set occurred during ca 350 -250 Ma and was coincident with the intracratonic Alice Springs Orogeny in central Australia.
3. Despite the Mt Isa and Murphy Inliers being located distant from traditionally recognised and repeatedly reactivated mobile zones in Australia, they have nevertheless responded to changes in the plate stress regime at rates that are significantly higher than those previously postulated for cratonic interiors. Stresses have been relieved within cratonic interiors, probably via the reactivation of basement faults, which are now buried beneath sedimentary basins.
4. The cratonic provinces did not respond as single rigid structural units to changing stress fields. Rather, the variation in the thermal record at the intra-inlier scale suggests that pre-existing faults and shear zones have been displaced on the scale of up to several kilometres since ca 350 Ma. Traditionally recognised, fold-belt bounding faults have not been reactivated along their entire length since the mid-Carboniferous. The reactivation of smaller scale faults such as the Mt Remarkable Fault and Fountain Range Fault and sections of the major, fold-belt bounding faults probably resulted in the generation of local relief, which cross-cut the Proterozoic structural grain of the region. This finding has major implications for the redistribution of major ore deposits.
